As no single informant can be considered the gold standard of child psychopathology, interviewing of children regarding their own symptoms is necessary. Our study focused on the reliability, validity, and clinical use of the Dominic Interactive (DI), a multimedia self-report screen to assess symptoms for the most frequent Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision, mental disorders in school-aged children.
• The DI's brief administration time and self-report format allows it to be used in a multi-informant assessment of children's psychopathology.
• The DI could improve the early identification of children's symptoms in the continuum of mental services.
Limitations
• To respect the 6-to 11-year-olds' level of cognitive development, the DI does not assess time-related aspects of DSM symptoms.
• Clinical judgment is necessary in decision making about the diagnosis of a mental disorder and the appropriate intervention to undertake.
• The lower cut-off on symptom scales may overestimate prevalences of mental health problems in children from the community.
I nformants frequently disagree about children's mental disorders. 1 As no single informant can be considered the gold standard, it is necessary to include the child report in a multi-informant approach when assessing the child's psychopathology. [2] [3] [4] This represents a major challenge, particularly with children aged 6 to 11. Structured interviews assessing DSM-based mental disorders from the child's perspective are generally characterized by a long administration time and a high level of complexity. [5] [6] [7] [8] [9] [10] Breton et al 6 demonstrated that 9-to 12-year-olds do not understand long and complex questions, including abstract concepts (for example, frequency and duration of symptoms) assessed by a highly structured, respondentbased interview such as the DISC. 11 The pictorial Dominic questionnaire was initially designed to propose a developmentally sensitive self-report measure of DSM-III-R-based symptoms 12 for schoolaged children. [13] [14] [15] [16] [17] [18] In the absence of a gold standard to validate any measure of psychopathology, 19 psychometric properties of paper versions of the Dominic were analyzed according to different methods. The comprehension by 6to 11-year-olds of the situations depicted in the drawings was previously tested in a community sample according to age (6 levels) and sex. 13 Moreover, the internal consistency and the test-retest estimate of reliability were verified in community samples. 13, 14 The criterion-related validity was based on the comparison between referred and nonreferred children in psychiatric clinics. 13 Previous psychometric studies led to the development of a computerized version of the instrument. The DI is a highly structured, multimedia self-report screen that uses visual and auditory stimuli to assess DSM-IV-TR symptoms for most prevalent Axis I mental disorders 20 in community children aged 6 to 11. 10, 21, 22 Cognitive theories were considered when developing all versions of the Dominic, including the DI. Neo-Piagetian theorists highlighted that time concepts such as hours and minutes represented by visual stimuli emerge at 7 or 8 years. Regarding verbal abilities, at 6 years, children can create a short storyline (plot), including 1 event sequence, or 1 internal state (for example, what a person thinks or feels). At 8 years, 2 storylines (plot and subplot) or 2 internal states (for example, what a person thinks and feels) are coordinated. At 11 years, children understand a well-developed story, including a plot, a subplot, and an Résultats : Pour le total de l'échantillon, les coefficients alpha de Cronbach se situaient entre 0,63 et 0,91. Les kappas test-retest variaient de 0,42 à 0,62 pour les catégories basées sur les seuils d'inclusion, excepté pour les phobies spécifiques. Les coefficients de corrélation intraclasse allaient de 0,70 à 0,81 pour les échelles de symptômes. Le DI discriminait entre les enfants référés et non référés à des cliniques psychiatriques pour toutes les échelles de symptômes. Les coefficients de corrélation inter-indicateurs significatifs étaient plus élevés pour les symptômes externalisants (0,35 à 0,48) que pour les symptômes internalisants (0,14 à 0,27).
Conclusions :
Les résultats de notre étude soutiennent raisonnablement les propriétés psychométriques adéquates du DI. Cet instrument offre une méthode de dépistage sensible au stade du développement afin d'obtenir des renseignements uniques de la part des jeunes enfants sur leurs problèmes de santé mentale dans les services de première ligne, les cliniques psychiatriques, et les milieux de recherche. integrated conclusion. 23 However, authors agreed that before 12 or 13 years, the children's thinking is still experiencedependent, that is, mental representations reflect mainly relations between concrete objects, events, or experiences. The growth in working memory capacity may explain the rate of cognitive change during development. [23] [24] [25] To consider cognitive abilities of children as young as 6 or 7 years, the DI includes pictures that present Dominic, a boy or a girl depicted as a cartoon character, who finds him or herself in concrete daily life situations (for example, at home, at school, or with friends). The pictures illustrate the DSM-IV-TR symptoms assessed by short verbal questions including one concept per symptom. Although the DI does not systematically evaluate the duration of symptoms, words such as always, often, or a lot are used to convey the recurrent thoughts, emotions, or behaviours (for example, "Do you always feel like crying?"). A voiceover asks the responding child whether he or she feels or does what Dominic is feeling or doing. Children disclose their responses by clicking the yes or no boxes on the screen. To respect young children's short attention span, a brief administration time (about 20 minutes) is required to complete the DI. Pictures combined with verbal questions and child computer interaction make the DI a technologically innovative and attractive method for assessing DSM-IV-TR symptoms in 6-to 11-year-old children.
Few psychometric data have been published on the DI. Preliminary results suggested acceptable Cronbach alpha coefficients for the English version of this instrument, in 6-year-old children (0.61 to 0.88), 26 and for the French version, in a representative sample of 6-to 11-year-old children (0.62 to 0.89) from France. 27 In Linares-Scott et al's study, 26 the concurrent validity of the DI has been highlighted using various criterion measures of the child's behaviour problems and negative affects reported by the parent or observed during a play task.
Objectives of Our Study
Our study used French and English versions of the DI, with a sample of Canadian children, to address psychometric questions particularly relevant to demonstrate the use of this instrument for early screening and clinical practice.
We focused, above all, on the reliability of the DI by using 2 different and complementary methods 28 : the internal consistency and the test-retest estimate of reliability. Because the DI was designed to consider the level of cognitive development, we explored the reliability of symptom scales according to age. Similar analyses were also conducted according to sex, language (English or French), and clinical or community subgroups. The reliability across these subgroups represents a major issue, as it is a necessary condition (but not sufficient) to assure validity. 29 The second objective was to evaluate the criterion-related validity based on the children's referrals to psychiatric clinics. Because of the immaturity of children aged 6 to 11, a highly structured diagnostic interview schedule, such as the DISC, cannot be used to validate the DI. Although not an infallible criterion of children's need for help, the search for treatment in psychiatric clinics has been recognized as a relevant criterion of impairment reflecting the severity of problems. 3, 5, 10 The capacity of the DI to discriminate between nonreferred and referred children in psychiatric clinics is an essential condition to use it as a self-report screen.
The third objective was to explore cross-informant correlation coefficients between the DI and the CSI-IV, 30 a DSM-IV-TR-based screening instrument assessing children's symptoms reported by their parents. It represents an important issue because children and their parents are usually key informants in the clinical context. 4 However, the major disagreement between informants about the child's mental health limits the use of the parent report as a validity criterion. 3
Methods

Participants
A convenience sample was used for the study. The original sampling plan aimed at recruiting a subsample of 300 girls, and another of 300 boys. According to Cohen, 31 a sample size of 300 generates a standard error of 0.10 or less, when the kappa is 0.40 and the prevalence is 10% or more. To reach this prevalence level, each subsample would need to include about 25% of children from psychiatric clinics, 32 the others being drawn from the community.
Visually or hearing impaired children were excluded a priori, as well as those who received a psychiatric followup during the previous year. The final sample consisted of 585 children living in the Montreal urban area: 453 children from the community (224 French speaking and 229 English speaking) selected from 15 primary schools reflecting heterogeneous socioeconomic levels, and 132 children (84 French speaking and 48 English speaking) recruited in psychiatric clinics located in 5 hospitals. All parents (biological mothers 97%) of an unrepresentative subsample of 292 children were solicited to evaluate their children's symptoms. This subsample was drawn from the clinical population (78 French speaking and 39 English speaking), and the community (175 French speaking). For feasibility reasons, English parents from the community were not solicited for this part of the study. The community sample was balanced for age, sex, and language. The clinical sample was balanced for age but unbalanced for sex (boys 70%). In the community sample, 72% of children attended schools with a high-high average socioeconomic status. In the clinical sample, French children from families with a low-very low income were overrepresented. Inversely, English children from families with a high-high average income were overrepresented.
The research protocol for the clinical sample (including the consent and assent forms) was approved by the institutional review boards of all participating hospitals. The research protocol for the community sample was approved by the institutional review board of the principal investigator's institution. All parents and children signed the consent and assent forms.
Measures
The DI includes 94 DSM-IV-TR symptoms for 7 disorders: MDD (20) , GAD (15), SAD (8), SPh (9), ADHD (19) , ODD (9) , and CD (14) . To avoid the sole presentation of symptoms to the child, these are randomly mixed with 10 strengths and competencies situations. Cut-off points were determined in a preliminary study. 21, 22 Lower cut-off points were set at scores 1 standard deviation from the mean, and higher cut-off points were set at scores 2 standard deviations from the mean. A 3-category rating system (likely absent, possible, or likely present) was established for each of the 7 symptom scales. Thus mental health problems identified by the DI should be considered as tendencies toward the DSM-IV-TR disorders, except for SPh, which is defined by 9 phobic situations, rather than the DSM-based severity criteria related to each specific situation.
The CSI-IV 30 was completed by the parents to evaluate their children's symptoms for 7 DSM-IV-TR disorders: MDD, GAD, SAD, SPh, ADHD, ODD, and CD. An acceptable agreement was found between the CSI-IV and the parent version of the Schedule for Affective Disorders and Schizophrenia for School-Aged Children (commonly referred to as K-SADS or KIDDIE-SADS) (κs = 0.46 to 0.76). 30
Data Collection Procedures
All children completed the DI twice, 7 to 12 days apart (mean 8.13, SD 1.44). In the community sample, the DI was completed at the child's school during regular school hours. In the clinical sample, it was completed at the psychiatric clinics.
In the community sample, the CSI-IV was completed by the parent at the child's school during regular school hours. In the clinical sample, it was completed at the psychiatric clinics.
Statistical Analyses
The internal consistency of the DI symptom scales was verified by Cronbach alpha coefficients. 33, 34 The test-retest estimate of reliability was evaluated using ICCs for symptom scales 28, 35 and kappa coefficients for syndromes. 31 Test-retest coefficients were interpreted using guidelines suggested by Shrout 28 : no reliability (0.00 to 0.10), slight (0.11 to 0.39), fair (0.40 to 0.60), moderate (0.61 to 0.80), and substantial reliability (0.81 to 1.0). Thus kappa values of 0.40 or more and ICCs of 0.60 or more were considered acceptable levels of reliability. Moreover, alpha coefficients of 0.70 or more suggested an acceptable internal consistency. 36 However, for some DI symptom scales including a smaller number of items (<12), alpha coefficients between 0.60 and 0.70 were considered minimum adequacy criteria. 37 Regarding the validity of the categories defined by the 2 DI thresholds (likely absent, possible, or likely present), nonreferred and referred children to psychiatric clinics were compared using the Pearson chi-squared test for the 7 symptom scales. The level of agreement between each symptom scale of the DI (child report) and the CSI-IV (parent report) was evaluated using Pearson correlation coefficients in the subsample of 292 children whose parents completed the CSI-IV.
Results
Internal Consistency
Cronbach alpha coefficients (Table 1) were more than 0.80 for MDD (0.81) and ADHD (0.86) symptom scales, as well as for the combined anxiety (0.83), internalizing (0.90), and externalizing symptoms (0.91). Coefficients were more than 0.70 for other symptom scales, except for SPh and SAD. Coefficients remained relatively constant across age, sex, and language subgroups, except for SAD in children aged 7 (0.49) and 11 (0.54) years, and for SPh in children aged 10 (0.55) and 11 (0.50) years. For these specific coefficients, confidence intervals suggested a lack of estimation accuracy. Similar trends were found for community (0.66 to 0.90) and clinical (0.73 to 0.92) samples (results not shown in Table 1 ).
Test-Retest Estimate of Reliability
In Table 2 , ICCs were generally more than 0.70 and tended to be higher for the 9-to 11-year-olds (0.65 to 0.87) than the 6-to 8-year-olds (0.54 to 0.82). However, coefficients did not systematically increase with age, and there were almost no differences between sex or language subgroups, except for CD (French 0.65 and English 0.78). In addition, ICCs were generally higher for the community participants (0.70 to 0.83) than the clinical participants (0.65 to 0.75) (results not shown in Table 2 ). Table 3 shows that kappa values were 0.50 or more (0.50 to 0.62), except for CD (0.46), GAD (0.42), and SPh (0.31), according to the higher cut-off. Table 4 highlights significant (P ≤ 0.05) differences between referred and nonreferred children for the categories defined by the 2 thresholds on every DI symptom scale. The percentages of children with a score equal to or above the higher cut-off (a problem is likely present) were consistently higher in the clinical sample than in the community sample. Similar trends were observed for specific mental disorders defined according to the lower cut-off (a problem is possible), except for SAD and SPh. Table 5 shows significant (P ≤ 0.05) Pearson correlation coefficients between the DI (child report) and the CSI-IV (parent report) for all DSM-based symptom scales. These coefficients tended to be higher for the externalizing symptom scales (0.35 to 0.48) than the internalizing symptom scales (0.12 to 0.27).
Criterion-Related Validity
Cross-Informant Correlation Coefficients
Discussion
Reliability of the DI
Our study highlights the relative stability of Cronbach alpha coefficients across age, sex, language, clinical, as well as community subgroups. For most DI symptom scales, coefficients were 0.70 or more. The tendency of coefficients to be less than 0.70 for SAD and SPh may be partly explained by the smaller number of items included in these scales. The heterogeneous content of the 9 phobic situations defining the SPh scale (for example, thunderstorms, little dogs, or elevators) may also explain the lower coefficients obtained for this scale. Moreover, the score variance for SPh is more restricted relative to the other symptom scales, and it is progressively reducing from age 6 to 11. In such circumstances, a high alpha coefficient is more difficult to obtain.
Moderate
or substantial test-retest coefficients observed for most DI symptom scales (≥0.70) were also relatively stable across age, sex, language, as well as clinical and community subgroups. Although ICCs tended to increase around the ages of 8 or 9, coefficients found in younger children remained generally moderate, except for SPh in 6-year-olds. This tendency of coefficients to increase with age is consistent with literature. 38 Test-retest kappas found for the higher cut-off (0.42 to 0.61) and the lower cut off (0.50 to 0.62) on the DI symptom scales varied between fair and moderate, except for SPh (0.31). The relatively low frequency of children with at least 5 positive responses to the 9 phobic situations may have contributed to the lower kappa value observed for SPh.
The reliability coefficients obtained for the DI in the total sample (α = 0.63 to 0.91; ICCs = 0.70 to 0.81; κ = 0.42 to 0.61, except for SPh) were within the same range as those observed for the Dominic-R (revised) (α = 0.64 to 0.89; ICCs = 0.71 to 0.81; κ = 0.44 to 0.69). 10 Although some coefficients less than 0.60 may be considered modest, most were above minimum adequacy criteria. 28, 37 This replication of results across versions of the Dominic suggests that the multimedia self-administered format of the DI allows for obtaining reliable responses from young children.
Criterion-Related Validity of the DI
As the DI may be considered as a screening instrument, the capacity of the higher cut-off to discriminate between nonreferred Table 1 Internal consistency of the DSM-based symptom scales of the DI according to age, sex, and language (n = 583) and referred children in psychiatric clinics represents an essential step in the validation process. It suggests that the higher cut-off is a more adequate severity index of children's mental health problems and need for help, compared with the lower cut-off, particularly for SAD and SPh.
Cross-Informant Correlation Coefficients Between the DI and the CSI-IV
The low-to-moderate range of correlation coefficients 39 obtained between the DI and the CSI-IV is consistent with studies using the same instrument for children and parents. 1 Also consistent with literature, 3 low coefficients were observed for internalizing symptom scales. However, moderate coefficients found for externalizing symptom scales tended to be higher than the Pearson meta-analytic mean coefficient of 0.25 reported by Achenbach et al 1 between children's self-reports and parents' reports.
It has been hypothesized that low correlation coefficients between informants do not necessarily involve error, but reflect the perspective of each informant on children's symptoms. 2 The relatively low convergence between the DI and the CSI-IV suggests that the DI provides unique, hence useful, information in a multi-informant approach to child psychopathology.
Limitations
Four main limitations should be considered. First, to respect young children's cognitive abilities, the DI does not assess all DSM mental disorders or the duration of symptoms and the onset of disorders. Some relevant disorders usually emerging in late childhood to mid-adolescence (for example, social phobia or obsessive-compulsive disorder) [40] [41] [42] [43] [44] [45] [46] were not included in the DI. Moreover, posttraumatic stress disorder was not included as clinicians need to associate symptoms to specific traumatic life events. 47 Consequently, the DI should be used as a screening instrument or as part of a comprehensive multi-method procedure assessing child psychopathology. 3, 4 Second, while the 2 DI thresholds allow for some flexibility, the lower cut-off may overestimate possible mental disorders in children from the community. The lower cut-off was not intended to determine prevalence estimates in the community but to draw attention to possible false negatives in the clinical Table 2 Test-retest estimates of reliability for DSM-based symptom scales of the DI according to age, sex, and language (n = 568) context. Third, because of the cognitive immaturity of 6-to 11-year-olds, structured diagnostic interviews traditionally used in child psychiatry 5 cannot not be used to validate the DI. Thus the criterion-related validity of the DI must take into account the limitations of the referral status, which is not a substitute measure of DSM diagnoses. Fourth, as the psychometric properties of any measure are populationspecific, results must be interpreted in the context of the population sampled.
Clinical Implications
The absence of a gold standard for confirming the validity of DSM diagnostic categories and of any instrument assessing these constructs 19 limits the interpretation of clinical implications of our study. However, the use of standardized DSM-based instruments represents an important step toward evidence-based practices. 7 The use of these instruments, including the DI, widely depends on the purpose and the context of the assessment. 5, 19, 48 
Clinical Use of the DI in Front-Line Services
There is growing evidence that many lifetime psychiatric disorders (for example, unipolar depression) first appear in childhood. 49, 50 The DI could be particularly useful in front-line services for screening of depression or anxiety problems. Further, specific symptoms, such as thoughts of death or suicidal ideation, and some conduct problems may remain unbeknown to adults. Moreover, because of its brief administration time, the DI could be used in conjunction with other measures in the same session. Categorical and dimensional data generated by the DI are available immediately after the self-administration. When front-line professionals refer children to psychiatric clinics, these results may provide a common language between the professionals regarding the tendencies toward the Axis I DSM-IV-TR mental disorders defining high-risk children.
Clinical Use of the DI in Psychiatric Services
The DI could be useful as a screening instrument with the child before the psychiatric interview takes place. The aim would be to obtain relevant information on the child's perception of symptoms in the context of a multi-informant and multi-method approach. This has been widely recommended in child psychiatry. 4, 7, 48, 51 As suggested by Rutter and Taylor, 4 standardized instruments constitute an important part of the diagnostic clinical assessment. However, other elements should be examined, such as reasons for referral, risk factors, and considerations relevant for the planning of treatment. Thus clinical judgment is always necessary in decision making regarding the definite diagnosis of a mental disorder and the proper intervention to undertake. It represents a complex process as there are no universally accepted algorithms to combine information from different sources. 7, 51 Finally, dimensional data generated by the DI may be useful in the context of a clinical follow-up to evaluate the treatment response. 52
Implications for Future Research
To improve the internal consistency of the SPh symptom scale, we suggest adding a few more phobic situations, which may increase the score variance. The analysis of the convergence between the DI and some rating scales completed by the child for assessing specific problems, 53 such as the Children's Depression Inventory 54 for depression and the Screen for Child Anxiety Related Emotional Disorders 55 for anxiety, may be particularly relevant in clinical settings. 3 However, the DI has several advantages. First, it allows for the assessment, in one short session, of several potentially comorbid syndromes instead of one type of problem. Second, its pictographic component and computerized format enable a standardized presentation of a large array of symptoms, without involving direct questioning from an adult. This could be helpful to young anxious children who have difficulties in talking about their symptoms. Finally, very few self-report measures were validated with children aged 6 to 11, and to our knowledge, none had their reliability systematically verified at every age level. [54] [55] [56] [57] [58] Notwithstanding these advantages, research about methods for combining data generated by the DI with data from other standardized measures to establish the presence of a mental disorder (for example, best estimate) 59 is an important clinical issue.
Conclusions
Findings of our study highlight 3 main contributions regarding the clinical use of the DI. First, adequate internal consistency and stability of the DI symptom scales according to age represent a major advantage, as it is widely recognized that measurement of DSM-based child psychiatric syndromes should be improved from a developmental perspective. 4, 48, 60, 61 Second, the stability of the DI syndromes based on cut-off points, as well as the capacity of the higher cut-off to differentiate between nonreferred and referred children to psychiatric clinics, support the use of this instrument for early screening. Third, expected low-to-moderate significant correlations between the child report (DI) and the parent report (CSI-IV) are consistent with literature, 2, 18 and indicate that the DI provides unique information in a multi-informant assessment of child psychopathology. Proposed revisions for DSM-5 62 suggest minor changes regarding symptoms assessed by the DI (for example, only 1 of the 6 physical symptoms associated to GAD is required in children). Changes about duration or age of onset do not affect the DI symptom scales. Propositions for GAD (elimination of age criterion) and ADHD (symptoms prior to age 12) support the use of the DI to evaluate these syndromes. Finally, proposed syndromes, such as disruptive mood dysregulation disorder, may be considered in future development of the DI. 
